Simple sequence repeat (SSR) or microsatellite markers have many applications in breeding and genetic studies of plants, including fingerprinting of cultivars and investigations of genetic diversity, and therefore provide information for better management of germplasm collections. They are repeatable, co-dominant, highly polymorphic, and technically simple to use. We developed more than 150 SSR markers for hazelnut (Corylus avellana) and characterized them using a diverse set of 50 accessions. Some hazelnut SSR loci amplify other genera in the Betulaceae. In this study we identify two sets of a dozen markers each that are useful for fingerprinting hazelnut accessions. Loci were chosen based on high heterozygosity, PIC values, low frequency of null alleles, coverage of the hazelnut genome, and ease of scoring. The number of alleles per locus for these 24 primers ranged from 5-16. Polymorphic information content (PIC) values ranged from 0.50 to 0.87. Most loci segregated 1:1,
INTRODUCTION
Conventional plant breeding has been used to develop improved cultivars of many species, including hazelnuts. Traditional methods can now be supplemented with molecular tools. These tools provide a better understanding of genetic diversity, and can be used for germplasm management, cultivar identification, marker-assisted selection, and parentage analysis. One commonly used marker type is the simple sequence repeat (SSR) or microsatellite, which consists of short tandem repeats in the DNA. SSRs are abundantly distributed throughout eukaryotic genomes, are highly polymorphic, locusspecific, can be shared by and are reproducible in different labs, and are suitable for semiautomation (fluorescent labeling, capillary electrophoresis, multiplexing, and computerassisted size calling). However, the development of SSRs requires relatively high technology and expenditure. Several methods have been used for the development of SSRs, including microsatellite-enriched DNA libraries, PCR-based techniques such as ISSR-PCR, and public EST and genomic sequence databases. Large numbers of SSRs are now available, including >200 for strawberry (Govan et al., 2008) , >5400 for cotton (Lacape et al., 2008) . The genome database for the Rosaceae (2008) includes 335 for peach, 301 for apple, and 123 for almond. Once developed, SSRs can be used for multiple purposes and are often useful in related species. A small subset of markers is sufficient for fingerprinting and genetic diversity analysis. The chosen markers should be singlelocus, highly polymorphic, easy to score, and give good coverage of the genome. The first 13 DNA typing multiplex sets became available for human research in 1998. Since then, many several "genotyping sets" have been selected; potato (Ghislain et al., 2004) , cotton (Lacape et al., 2007) , and strawberry (Govan et al., 2008) . A tri-nucleotide (GAA) and two di-nucleotide (CA, GA) microsatellite-enriched libraries of the European hazelnut were constructed by Genetic Identification Services (GIS, Chatsworth, Calif.) were used to develop 43 polymorphic SSR loci (Bassil et al., 2005a, b; Boccacci et al., 2005) and have been used to fingerprint accessions and study diversity in collections (Gökirmak, 2008; Boccaci et al., 2006) . 30 SSRs were placed on a linkage map (Mehlenbacher et al., 2006) . In this report, we describe a genotyping set of 24 SSR loci suitable for fingerprinting hazelnut.
MATERIALS AND METHODS
We developed additional polymorphic SSR loci, 71 from our GA library and 13 from CA library. We also conducted simple sequence repeat-anchored PCR. This approach includes amplification of genomic DNA using ISSR primers, cloning and sequencing the resulting fragments, and then developing primers for SSRs in the fragments. We developed 23 SSRs from internal repeats and 50 from end-repeats. Additional polymorphic SSRs were developed from birch sequences submitted to the National Center for Biotechnology Information (NCBI). A few published birch SSR loci were also found to amplify hazelnut. A total 48 hazelnut accessions (Table 1) including the two parents of our mapping population were used for characterization. The transferability of markers was investigated using >35 species representing 6 genera in the family Betulaceae. In this study, we focus on choosing 24 genotyping set primers for fingerprinting hazelnut accessions. SSRs were selected based on five criteria: 1) singlelocus, 2) coverage of the hazelnut genome, 3) high polymorphism, 4) ease of scoring, and 5) few null alleles.
RESULTS AND DISCUSSION
We selected 24 SSRs that meet all five criteria for fingerprinting (Tables 2, 3 ). Six of these (CAC-B617, CAC-B619, CAC-B657, CAC-B753, CAC-B719, CAC-B776) were suggested by Bassil et al. (2009) for use in fingerprinting. CaT-504 was also mentioned by Boccacci et al. (2006) as promising for use in fingerprinting. These loci produced 230 alleles in 48 accessions. The number of alleles per locus ranged from 4 to 16, with a mean of 9.6. The mean values for expected heterozygosity (H e ), observed heterozygosity (H o ), polymorphism information content (PIC) and null allele frequency (r) were 0.78, 0.75, 0.74, and 0.01, respectively. All primer pairs amplify a single locus. All linkage groups are represented although groups 2 and 7 merged during mapping. All 24 loci are highly polymorphic, as indicated by their H e , H o , and PIC values. The loci are easy to score, as they show minimal stuttering. Non-template addition of an extra adenine nucleotide to the end of the true allele makes size calling difficult at some loci. We chose loci that were easy to score. We excluded primers showing any artifact, even if they are very polymorphic, included only primers producing very clear distinct bands. Our 24 loci also show a low frequency of null alleles, and the majority showed good transferability to other members of the Betulaceae. Allele size calling can vary slightly from one run to the next. We include 'Barcelona' and 'Negret' as controls in our fingerprinting. Allele sizes of hazelnut accessions maintained by the USDA-ARS National Clonal Germplasm Repository are available at http://www.ars-grin.gov/cgi-bin/npgs/crop/mrk_list.pl?cropno=105.
CONCLUSION
We hope that this well-characterized "genotyping set" for and the availability of reference genotypes and allele size data will be useful to hazelnut researchers around the world. We look forward to sharing data with our colleagues, comparing fingerprints of accessions, correcting mistakes in collections, and studying genetic diversity in hazelnut. 
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